KURZFASSUNG: Die Wirkungen verschiedener Temperatur-Salzgehalts Kombinationen auf die K6rperform frischgeschliipRer Cyprinodon macularius (Teleostei). Eier des Knochenfisches
INTRODUCTION
The teleost Cyprinodon macularius BAIRD & GIt~ARD 1853 can tolerate considerable ranges of temperature, salinity and oxygen (MILLER 1948 , BA•LOW 1958a , b, KINNE 1960 , KINNS & KINNE 1962a , b, KINNE 1963a . Its considerable euryplasticity and the fact that C. macularius reproduces readily under laboratory conditions makes it a convenient experimental animal for the study of the modifying effects of environmental stresses on both functional and structural characteristics.
The present study is concerned with the effects of temperature and salinity on body size and shape of fry newly hatched from eggs which had been laid at 28 ° C and 35 °/00 S and transferred 4 hours a~er natural insemination into a variety of temperature and salinity conditions (Table 1) . Previous studies by KINNE & KINNE (1962a, b) had shown that temperature; salinity and oxygen may greatly affect the rate of Table 1 Temperature-salinity combinations of the incubation media employed and the resulting saturation values (from normal dry atmosphere) for dissolved ambient oxygen (ml Oe/1); the latter were taken from Figure embryonic development in C. macularius and modify total length at hatching. Under conditions of air saturation and in a constant salinity of 35 °/00, hatching length decreases with increasing temperature (28 ° to 35 ° C), and, at a constant temperature of 31.8 ° C, it decreases with increasing salinity (half fresh water to 70 °/00). These results ted the present authors to investigate the structural consequences of exposure to different constant temperatures and salinities during embryonic development in some more detail. A preliminary note about our results has been published elsewhere (KINNE & SWEET 1964) .
MATERIAL AND METHODS
Cyprinodon macularius BAIRD & G~RARD 1853 of the family Cyprinodontidae lives in shore pools, drainages, creeks and springs near the Salton Sea, California, U.S.A., and reaches a total length of up to some 45 ram. In its natural habitat, salinities may range from fresh water to about 80 or even 90 °o, and water temperatures from 80 to about 40 o C; for details -also on the distributional range of the speciesconsult KINNE (1960) . In all experimental conditions referred to below, the water was aerated by washed, humidified air of a reduced CO2 content, keeping air saturation values for ambient dissolved oxygen at some 100 +_ 5 °/0. The parent generation used represents the F4 generation of fish that were caught in the Salton Sea. The Fe was obtained from 1 male and 1 female in order to provide material with similar generic background. All four generations were kept at a temperature of 28 +_ 2.00 C, a salinity of 35 _+ 3 %o (air-saturated water), and a 14 hour day (a combination of day light, light from incandescent lamps and from fluorescent cool white tubes) of a light intensity of some 30 to 40 ft-c (Weston Illumination Meter, based on the New Candle) at water surface. The water in the aquaria was filtered through glass wool and charcoal; for other details on experimental conditions and food, see KINNE (1960) .
Experimental conditions for spawning groups. All eggs were obtained from three spawning groups. Each group consisted of 1 female and 3 males held in a 120 liter aquarium (at 28 _+ 0.50 C and 35 + 1%0), both sexes separated by a glass partition. Spawning was initiated by transferring one of the three males into the female's section at intervals of 3 to 4 days. The 3 spawning groups were exposed to a 141h hour day beginning and ending with a 30 minute period of low light intensity, the full light intensity lasting 131h hours. They were fed a mixture of frozen adult brine shrimp (Artemia salina), dried fish food "Spawn" (made by the GeneralDevelopment Corp., and containing vitamins, hormones and potassium iodine) and occasionally white worms Enchytraeus albidus H~NL~. The pH remained always within the range of 8.2 to 8.5 and thus was similar to field ranges in the Salton Sea.
Spawning and egg collection. Usually spawning began a few minutes after transfer of the male into the female's section and was allowed to last approximately 20 minutes, permitting a rather accurate determination of average time of fertilization. The naturally inseminated eggs were attached to cheese cloth (positioned on the bottom of the female's section and held in place by solid glass rods) or to nylon netting (mesh size about 1 ram) stretched over a plexiglass frame. After a period of 4 hours, within which the egg membranes were sufficiently hardened, the eggs were gently collected by hand or with a wide eyedropper. E g g d e v e 1 o p m e n t. The collected eggs were transferred into special egg holders (plastic dishes of approximately 8 cm diameter with a nylon net bottom of I mm mesh size) which were suspended in a shallow 2 liter jar thoroughly aerated with washed and humidified air. All jars were placed into constant temperature baths. The temperature of the air supply was also adjusted to that of the water bath resulting in a temperature constancy in the jars of +_ 0.20 C. Incubation temperatures ranged from 260 to 360 C; incubation salinities were: fresh water (conditioned Toronto tap water; for chemical analysis see KINNe & KINNt~ 1962b, p. 233) , 35 %0 and 70 °/0o (conditioned tap water plus sea salt from Bi~sum, Germany; filtered); these salinities were maintained with + 1 °/00 (Table 1) .
Fixation of newly hatched fry. Hatched young were removed within a period of 60 minutes (in a few cases 100 minutes) after hatching and immediately fixed in an osmotically adjusted Zenker formol solution at 25 ° C. Such procedure was necessary because of the changes in shape and size that tend to occur soon after hatching. _All fixed fry were stored in 70 % ethanol and measured within a few days. Specimens curled in the fixation process or showing obvious body deformations were excluded from measurement.
Measurements were performed under a binocular microscope fitted with a graduated, calibrated eyepiece. Determinations of total and standard length are accurate to 0.05 ram, those of the other dimensions, up to 0.005 ram. All side measurements were taken on the left side of the fish. The body dimensions measured are specified below (see also Fig. 1 ): (1) Total length: the straight line distance from the tip of the snout to the end of the caudal fin with the mouth in a normal closed position.
(2) Standard length: the straight line distance from the tip of the snout, in a normal closed position, to the structural base of the caudal fin.
(3) Orbit length: the greatest distance across the orbital rim. This maximum axis occurs at about 30 ° to the horizontal.
(4) Y o 1 k sac 1 e n g t h: the straight line distance from the anterior beginning of the yolk sac in the head region to the posterior ending of the yolk sac in the abdominal region. (In embryos that are prematurely hatched, there is no distinct demarcation between the body and the yolk sac beginning.) (5) Caudal peduncle length: the oblique straight line distance between the posterior ending of the yolk sac and the hidden structural base of the middle caudal fin ray.
(6) Maximum body depth: the greatest vertical body dimension, generally taken through the mid yolk sac region.
(7) Minimum body depth : the greatest vertical distance between the back and the ventral surface of the caudal peduncle, measured immediately caudal to the yolk sac.
(8) Caudal peduncle depth: the vertical distance across the narrowest part of the caudal peduncle, just at the structural base of the caudal fin.
(9) Least ~rLterorbital width: the least distance, viewed from above, between the rims of the orbits.
(10) Head width: the greatest horizontal distance across the developing opercles, measured from above.
(11) Maximum body width: the greatest horizontal dimension across the body, viewed from above; generally taken through the mid region of the yolk sac.
(12) Minimum body width: the greatest horizontal distance, viewed from above, across the caudal peduncle, just caudal to the yolk sac.
(13) Minimum caudal width: the least horizontal distance, viewed from above, across the caudal peduncle (just anterior to its marked constriction into the caudal fin).
The 13 body dimensions measured are expressed both as absolute values in mm and as percentages of total body length (average absolute values divided by average total length values times 100). The absolute values are presented in Tables 3 to 10 
RESULTS

Mortality
In all three salinity levels tested, mortality during the period between fertilization and hatching was 100 % at a constant temperature of 360 C. In fresh water average mortalities were: 19 % at temperatures between 28 ° and 33 ° C, and 56 % at 34 ° C. In 35 %0 average mortalities were 18 % at 280 C and 31 ° C respectively, 6I % at 34 ° C and 76 % at 35 ° C. In 70 0/00 no significant differences were found within the temperature range 26 ° to 31 ° C; average mortalities were 47 %0. From these data it becomes evident that temperatures of 34 ° C and higher are critical in fresh water and 35 °/00. A more detailed account on egg mortality during incubation in C. macularius was given by K~,,>aE & KINN~ (1962a, b) . These two authors have furthermore reported that salinity may modify the upper critical temperatures (indicated by inflections in rate temperature curves of embryonic development) as well as the upper lethal temperatures of incubation (lowest of the constant high temperature levels at which 100 °/o of the embryos die previous to hatching). The upper critical temperatures were found to be about 35 ° C in fresh water, 34 ° to 35 ° C in 35 %o and 31.80 C in 70 %0; upper lethal temperatures were: 36.1 o C in fresh water, 35.90 C in 35 %o, 34.00 C in 45 %0, 33.2 ° C in 55 %0 and 32.5 o C in 70 %0.
Length measurements
Total length (1) and standard length (2) of the body of newly hatched fry are affected by temperature and salinity conditions during incubation in a rather complex way (Table 2, Fig. 2 ). Since the structural base of the caudal fin was frequently difficult to make out exactly, total length is considered the more exact measurement in the present case, and all relative data have therefore been expressed as percentages of total length rather than of standard length. In fresh water, total length increases from 280 C to 330 C and at still higher temperatures (340 C) declines (Fig. 2) . In 35 O/oo total length reaches the highest values in the lowest temperature level employed (28 ° C) and decreases progressively with decreasing temperature, especially above 340 C. The fresh water and the 35 o/oo curves are essentially similar in shape but have different slopes. Both curves intersect near 310 C. Below 31 ° C the newly hatched individuals are larger in 35 0/oo; above 310 C they are larger in fresh water. In 70 0/00 total length is significantly smaller than in the other two salt concentrations, and the curve has a different shape;
similarly to 35 %o, the highest values are found in the lowest temperature level (260 C); at 280 C, however, total length is considerably reduced, and at still higher test temperatures, it seems to level off or to increase slightly again. (Fig. 3a) . In 35 °/oo and in 70 °/00, percentages of orbit length result in more or less straight lines with a slightly positive angle, suggesting that with increasing temperature, orbit length increases rather proportionally to total length; the relative longest orbits are attained at the highest temperature levels. Yolk sac length and caudal peduncle length measurements showed considerable variations. In the case of the yolk sac length, variations were due to (a) actual differences in size and shape of the yolk sac at hatching, (b) rapid changes in yolk sac dimensions subsequent to hatching. Yolk sac measurements will not be considered here in any detail. With respect to caudal peduncle length, the information obtained must be interpreted with reservation. If plotted, the absolute values show basically the same trends, as does total length. If expressed as percentages of total length, it becomes apparent that caudal peduncle length takes up the highest proportion of total length in fresh water, a smaller proportion in 35 °/00 (except for the highest temperature levels 34 ° and 350 C) and the smallest proportion, in 70 0/00 (Fig. 3b) . Thus, in general, there appears to be a reduction in relative peduncle length with increasing salinity. Such a trend has also been found by KINNE (unpublished) in 20 to 30 mm long C. macularius reared in fresh water and 35 0/00 respectively at 250 C. In regard to temperature, relatiTce caudal peduncle length tends to decrease with increasing temperature in fresh water but tends to increase under the same conditions in 35 and 70 °/o0. In the total length versus temperature plot (Fig. 2) then, increase in total length in fresh water up to 330 C, as well as the decrease in 350/00 and 700/oo, appears to be due to proportional length changes of the anterior body (and possibly the caudal fin rather than of the caudal peduncle).
Depth measurements
Maximum body depth (6) is subject to increased variability due to changes in the size and shape of the yolk sac. Since the dimensions of the yolk sac may undergo rapid changes immediately a~er hatching, they are highly dependent upon the length of the period between hatching and fixation. Absolute values and percentages give basically similarly shaped curves. Absolute values are presented in Table 4 , percentages in Figure 4a . In fresh water a v-or u-shaped curve is obtained with a minimum at 320 C; in 35 °/00 the average values zigzag without showing a definite trend (Fig. 4a) ; in 70 %0 the curve has a somewhat similar pattern as does the total length curve (Fig. 2) .
Minimum body depth (7) measurements are presented in Table 5 (absolute values) and in Figure 4b (percentages); in both cases, similarly shaped curves are Caudal peduncle depth (8) measurements are given in Table 6 (absolute values) and in Figure 4c General considerations on depth measurements (Fig. 4a, b, c) show that the plots for fresh water and 70 °/oo represent open v-type curves with the lowest relative depth values at intermediate temperatures and the greatest relative depths both at the lowest and highest temperatures tested (exception: maximum body depth in 70 °/o0). By contrast, the 35 %o data result in a more or less horizontal line with a slightly decreasing slope towards higher temperatures indicating considerable proportionality with total length (exception: maximum body depth). The exceptions in the case of the maximum body depth data do not carry too much weight since this measurement varies considerably -as has already been pointed out -with the size and shape of the yolk sac. In general, depth dimensions tend to decrease in the higher salt concentrations.
Width measurements
Least interorbital width (9) is a rather difficult measurement to take accurately; the values obtained showed much scatter. Absolute values are given in Table 7 , percentages in Figure 5a Table 8 (absolute values) and in Figure 5b (11) is measured across the yolk sac and hence results in widely scattered values. In all three salinities, relative maximum body width appears to increase somewhat with increasing temperature. There is some indication that yolk sac width tends to increase under warmer incubation conditions. Minimum body width (12) measurements are given in Table 9 (absolute values) and in Figure 5c (percentages); in both cases quite similar curves are obtained. The relative plots result in v-shaped curves both in fresh water and 70 °/00, but in a straight line with a slightly negative slope toward higher temperatures in 35°/oo. In 70 °/o0 relative minimum body width is considerably smaller than in fresh water or in 35 °/oo. Table 9 Minimum body width (in ram) of newly hatched C. rnacuIarius Table 10 (absolute values) and in Figure 5d (percentages); in both cases the resulting curves are similar. The percentage values result again in v-shaped curves in fresh water and 70 0/00, but in a rather straight line in 35 °/o0.
General considerations on width measurements (Fig. 5a, b, c, d ) demonstrate that the plots for fresh water and 70 °/0o represent v-shaped curves with the lowest relative width values at intermediate temperatures and the greatest relative widths both at the lowest and highest temperatures tested (exception: least interorbital width in 70 °/00). In 35 °/oo more or tess straight lines are obtained with decreasing slopes in the case of the first three width measurements and a rather horizontal line in the case of the minimum caudal width. There seems to be a tendency for the various width dimensions to decrease in higher salinities. These general trends are all quite similar to those obtained with respect to the depth dimensions.
DISCUSSION
Information concerning Cyprinodon macularius
The present study has shown that temperature and salinity conditions effective during incubation may significantly modify a variety of structural characters in newly hatched individuals of Cyprinodon macularius of similar genetic background. Although egg mortalities may be rather high under extreme conditions of temperature and salinity (p. 53), our observations indicate that at least a major amount of these structural modifications was caused by direct environmental influences on the developing embryos greater length at fixation.
In 35 %0 total length and stardard length at hatching decrease with increasing temperature. In 70 %0 both dimensions decrease considerably from 260 to 280 C, but there seems to be little change at 310 C, possibly a slight increase. A reduction of body length with increasing temperature has been reported for numerous organisms and appears to be a rather general phenomenon. In fresh water, however, body length of newly hatched fry increases from 280 to 330 C and only at still higher, more or tess critical temperatures begins to decline. As a consequence of such differences, the curves obtained for 35 0/0o and fresh water intersect: at a temperature of 310 C and below, newly hatched fish are larger in 35 °/00; at higher temperatures they are larger in fresh water. As has been demonstrated in an earlier study (KI~ 1960) , growth rates of subadult C. rnacularius at ages of 6, I2 and 24 weeks respectively, show an opposite relationship: at lower temperatures (15 °, 20 ° C) the fish grow faster in fresh water; at higher temperatures (25 °, 30 °, 350 C) they grow faster in 35 %0.
Reduction in total length of newly hatched C. rnacularius with increasing incubation temperature in 35 %0 has also been reported by KilvNz & KINNE (1962b) . A comparison between our data and theirs reveals quite similar data at the higher temperature levels (Table 11 ). The differences, especially at 280 and 30 ° C, are most likely due to the longer intervals between hatching and fixation employed by KINNE & KINNE (12 hours below 30 ° C, 1 to 3 hours above 30 o C versus about 60 minutes or less in the case of the present study), leading to a greater average age and consequently greater length at fixation. With the exception of the lowest temperature level in fresh water, body length tends to decrease with increasing salinity. This trend is demonstrated by Figure 2 as well as by earlier results (Table 12) . A reduction of hatching length with increasing temperature as well as with increasing salinity could not have been caused by parallel changes in rates of embryonic development per se, since increasing temperatures cause acceleration, but increasing salinities cause retardation of developmental rates. It does seem possible, however, that body length at hatching may have been affected to some Table 12 Average total hatching length of C. macularius at 31.8 ° C as a function of salinity. Averages extent by the amount of oxygen available to the embryo during incubation. In airsaturated water the amount of dissolved oxygen decreases with increasing temperature and increasing salinity, and retardation of developmental rates in higher satinities has been shown to be primarily due to su& concomittant changes in oxygen content (KINNE & KINN~ 1962a, b) . The amounts of dissolved gases, especially oxygen and carbon dioxide present in the various temperature-salinity combinations employed, may well have been of importance also with respect to other changes in body dimensions reported in this paper.
The various body depth and width proportions of newly hatched C. macularius, if plotted against temperature, result in different curves for each of the three test salinities (Figs. 4 and 5) . In fresh water, and to a lesser degree in 70 %o, v-shaped curves are obtained, demonstrating that the body reaches its minimum depth and width at intermediate temperatures (32 ° C in fresh water; 280 C in 70 %0), and that it gets deeper and wider both in colder and warmer water. By contrast, in 35 %o body depths and widths change more linearly with total length indicating a considerable degree of structural harmony (isometry) throughout the tested temperature range. It appears possible that the increasing degree of disharmony in the order 35 0/o0 < 70 %0 < fresh water is related to the fact that (a) all eggs examined were laid and fertilized in 35 %0 and remained in this salinity for 4 hours before being transferred into the test satinities, and (b) that a salinity of 35 %o affords near optimumconditions for growth and reproduction. KINNE (1962) has shown that growth rates and food conversion efficiencies of subadult C. rnacularius reach maximum values in individuals hatched and maintained in the spawning salinity but are reduced in fry hatched from eggs that had been transferred 3 to 6 hours after fertilization into a different salinity level. It seems possible therefore that the modifications in body form reported here would have been somewhat different in fry hatched from eggs laid (and maintained for 4 hours) in fresh water or 70 °/00 instead of in 35 %o. No doubt, environmental influences effective during very early ontogeny may have paramount consequences for the future structural and functional properties of the individual.
J.G. SWE~T and O. KINN~
Body depth and width tend to gain with decreasing salinity, resulting in an overall reduction of the surface to volume ratio. Such a relationship has also been demonstrated for 20 to 30 mm long C. macularius reared at 25 ° C in fresh water and 35 °/oo respectively (KINNE unpubl.). In the hydroid Cordylophora caspia comparable responses were obtained in genetically identical material (K~NN~ 1956 (K~NN~ , 1958a : in fresh water and very low salinities, the hydranths become considerably more globular and smaller than in t5 %o. Similar effects of low salinifies have been observed under field conditions as early as 1881 when HEINCKE published his £amous paper on the varieties of the herring Clupea harengus. HEINC~E writes on page 25: ,,Fast ausnahmslose Regel ist es, dai~ wenn yon zwei Variet~iten einer Art oder yon zwei Arten einer Gattung die eine das Salzwasser, die an&re das brackische oder stit~e Wasser bewohnt, letztere nicht nur kleiner, sondern im K~Srperbau gedrungener und h~Sher ist als die gr/Si~ere und schlanker gebaute Form der See." Such changes in body form are likely to affect the ratio of exchange between body and environment, and -at least in faster moving organisms -the dynamics of locomotion (KINNE & SWEE~ 1964) .
Information concerning other species
Environmental effects on body size and form as welI as on meristic characters of aquatic organisms have been reported in a number of cases. The first report known to the present authors was written by A. GUN'rHER (1862; quoted by G. Gu~'r~, 1957) and concerned with the effects of temperature. Other papers dealing with temperature effects are: M6BIus & H~INCK~ (1883), JORDAN (1891), SCHMmT (1917 SCHMmT ( , 1919a SCHMmT ( , b, 1920 SCHMmT ( , 1921 SCHMmT ( , 1930 , HUBBS (1922 HUBBS ( , 1926 HUBBS ( , 1934 , SCHt~LTZ (1926) , ROUNSE-FELL & DAm~GREN (1932) , MOTTLEY (1934 MOTTLEY ( , 1937 , HASS (1936 HASS ( , 1937 , GABRIEL (1944) , T~kNINO (1946 ), DANN~WG (1950 ), HEMVEL (1953 , LIN~S~Y (1954 LIN~S~Y ( , 1962 , SEXMOUI~ (1956 , 1959 ), BLAXTEI~ (1957 ), HArDeR (1957 , MOI~RIS & SCHE~R (1957 ), ITAZAXeA (1959 , BLAXTEI~ & H~M~L (1961) , H~MWL & BLAXTEI~ (1961) .
A number of pertinent papers has been reviewed by VL~DYKOV (1934) , MARTIN (1949) , TkNINO (1944 TkNINO ( , 1952 , GUNTEI< (1957) and KINNE (1963b) . Much less is known about the effects of salinity (see the recent review by KINNE 1964). Examples of reduced body size in subnormal salinities, which may be referred to as "brackish water pauperization" can be found in REMANE (1934 REMANE ( , 1940 , BO~TTGER (1950) , P~AI<S~ & Gt~NWR (1957) , SEOEI~S'rl~E (1957) , Mool~ (I958), REMAN~ & SC~LIEP~ (1958) . In the bering Clupea harengus hatching length (at temperatures between 11.2 ° and 11.7 ° C) was found by HOLLIDAV & BLAX~'~R 1960) tO increase in salinities below that of sea water (22.7 °/00, < 1t.5 °/oo, < 5.9 °/oo), while B~XVER & H~MWt (1961) reported maximum hatching lengths (at 10 ° C) in 15 °/00, decreasing both toward the lowest (5 °/oo) and highest (50 %o) test salinities.
Most of the references available refer to field observations. In these cases it is o~en not possible to attribute a given structural variation to the intensity differences of a distinct environmental entity, nor is it possible to distinguish sufficiently between non-genetic and genetic (selective) components of the structural changes reported. There is urgent need for carefully conducted long-term experimental studies under controlled conditions of various combinations of environmental factors in-cluding conditions with fluctuating factor intensities. In spite of the impressive amount of information available at this time, we do not yet possess a sufficient body of knowledge to allow for generalizations.
Two papers published by LINDSEY (1954 LINDSEY ( , 1962 are especially pertinent to the present study. In 1954 LINDSEY reported on temperature-controlled meristic variation in the paradise fish Macropodus opercularis. He reared eggs from one parental pair at different constant temperatures and recorded the effects on dorsal and anal fin ray, spine and basal counts, caudal and pectoral ray counts and vertebral counts. Intermediate temperatures produced significantly fewer vertebrae than either low or high temperatures, and different rearing temperatures were shown to cause different numbers of rays, spines and basals. Although environmental effects were most pronounced when administered before hatching, some meristic series were still subject to environmental influence 20 days later. If plotted against temperature, most data result in v-shaped curves. In 1962 L~NDSEY reared 21 pairs of the stickleback Gasterosteus aculeatus under various temperature and salinity conditions and examined various meristic characters. Curves of vertebrae count against rearing temperature in fresh water were v-shaped with the position of the minimum differing markedly between different genotypes. Similar v-shaped curves in three or more temperatures have also been obtained in other species, e. g. in Salrno trutta trutta (TKNING 1952 , MARCKMANN 1954 , Pleuronectes platessa (MoLANDER & MO~[ANDER-SwrDMAI~K 1957) , Channa argus (ITAZAWA 1959) , Oncorhynchus tsbawytscha (SEYMOUR 1959) , Oryzias latipes (ALI, pets. communication, in LINDSEY 1962) . V-shaped curves can of course only be obtained in cases where a sufficient environmental gradient is offered. Despite the close morphological proximity of many of the meristic characters examined, a high degree of autonomy in their variation, both non-genetic and genetic, and little evidence of genetic linkage between meristic series were found. LINDSEY assumes that the v-shaped curves may result from interaction of two opposing processes, one dominant at low temperatures, the other at high temperatures.
In sea trout Salrno trutta trutta (ScH~IrDT 1. C., TKNINO 1952) , the lowest average number is obtained at 60 C, while both lower and higher constant temperatures lead to higher average numbers. An increase in vertebrae number may also be caused by decreasing oxygen pressure, a decrease, by rising carbon dioxide pressure (T~NING 1952) . Experiments on the effect of salinity on vertebrae numbers in Salmo trutta trutta have so far yielded rather inconclusive results. However, HEMWL & BLAXTER (1961) found a positive correlation between salinity and myotome number in larvae of Clupea harengus. BLAXT~R had produced results indicating a fixed relationship between myotome counts and vertebral counts.) TKNING (1952) comes to the conclusion that all non-genetic variations in meristic characters in sea trout follow a certain regularity, "undoubtedly determined by the metabolism within certain limits restricted genetically" (p. 192) .
In his analysis on environmental control of the body form in fishes, MARTIN (1949) discusses relative growth (log body part plotted against log body length) of body parts during ontogeny in 20 species. He found that the relative growth of a body part such as the head, is characterized by a series of relative growth stanzas differing in slope and in size range, over which each is applicable. For the sahnon Salrno salar five stanzas are described during ontogeny; the four inflections which delimit these stanzas are approximately coincident with the attainment of the eyed-egg stage, hatching, ossi~cation and sexual maturity, with the greatest deviations from isosmetric growth in early ontogeny. Very early inflections, as well as those at about 30 mm length and at sexual maturity, are assumed to be of special importance in the determination of body form. MARVIN found no causal connection between body form and either rate of development or subsequent growth rate. He believes though that either of these processes may indirectly affect body form through their influences on body size at inflection. NETSCH & WITT (1962) , on the other hand, come to the conclusion that in the longnose gar Lepisosteus osseus rapid growth of subadult young is due in some degree to body shape. L. osseus, which have elongate, slender bodies, exhibited the largest daily gain in length. SUMMARY 1. Spawning groups of the teleost Cyprinodon macularius kept at 28 o C in airsaturated water of 35 %0 salinity were allowed to spawn at intervals of 3 to 4 days. Their eggs were transferred 4 hours a~er fertilization into a variety of temperature-salinity combinations and the newly hatched young fixed within 60 minutes. The body form of these young was then examined by measuring 13 different length, depth and width dimensions. 2. All 13 dimensions vary as a function of the temperature and salinity conditions effective during incubation. The dimension versus temperature plot results in differently shaped curves in the three test salinities. 3. In fresh water, body length decreases above and below 320 to 33 ° C, while the various depth and width measurements increase. Maximum total length values are therefore correlated with minimum depth and width values; the body tends to become deeper and wider in the lowest and highest temperatures tested. 4. In 35 0/0o body length decreases progressively with increasing temperature, especially near the upper critical temperature (34 °, 35 ° C). All depth and width dimensions raeasured tend to decrease more or less harmoniously; hence there is little change in body form (isometry). 5. In 70 %0 body length decreases rapidly from 260 to 28 ° C but changes little in the next higher temperature level (31 ° C). All depth and width dimensions measured tend to change proportionally (o~en not quite as harmoniously as in 35 %0). 6. It seems possible that the increasing degree of disharmony in the order 35 %0 < 70 %0 < fresh water is related to the fact that (a) all eggs tested were laid and fertilized in 35 0/oo and remained there for 4 hours before being transferred into the test salinities and (b) 35 %0 affords near optimum conditions for growth and reproduction. It seems possible that the structural consequences of exposure to the different incubation media may be different if spawning took place in fresh water or 70 %0 instead of in 35 %0.
7. Body depth and width tend to increase with decreasing salinity, resulting in rounder fish in fresh water with less surface area per unit volume. 8. Body dimensions (length as well as depth and width) are significantly smaller in 70 0/o0 than in fresh water or 35 0/00. 9. Changes in body dimensions of hatching fry may be related to the concomittant changes in the amounts of dissolved gases, especially O2, in the various temperature and salinity combinations employed. i0. Environmental effects during very early ontogeny are of paramount importance for the functional and structural properties of the individual and may modify its ecological capacities.
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